Vine sour rot is a disease characterized by a typical and easily recognized phenomenology-browning and disaggregation of the internal tissues, detachment of the rotten berry from the pedicel, and a strong ethyl acetate smell (3, 7) . However, its etiology is ambiguous and controversial even if all the authors (2, 3, 7, 8, 13) agree in associating yeasts with the disease, at least when it manifests itself suddenly. The yeast species most frequently reported as actively proliferating in rotten berries are Hanseniaspora uvarum, Torulopsis stellata (2, 3), Metshnikowia pulcherrima, Candida spp., and Saccharomycopsis vini (syn. Endomycopsella Boedijn) (7, 13) . The presence of acetic bacteria or of the most common pathogenic fungi has only rarely been observed. The relationship of the disease to Botrytis cinerea or other grape diseases is controversial (3) .
Another component of the system is the Drosophila genus, individuals of which were always observed (3) on the rotten grapes, even if the role of this insect has not been studied in depth. Sour rot can be considered a multifactorial disease: its sudden appearance probably necessitates the coming together of favorable combinations of particular physiological conditions determined by the climate and the cultural practices. Moreover, it would seem that the cultivar characteristics of the host plants are of considerable importance in disease incidence: experiments of in vivo disease induction provoked a significant increase of the disease incidence only in certain cultivars which were generally the most susceptible ones (11) .
The etiological aspects of the phenomenon are intriguing for a number of reasons. Apart from the fact that the yeasts, with few exceptions, are not capable of attacking plant tissues and causing disease, the greatest increase in incidence was obtained by incubating blooming bunches with species such as Candida krusei, Candida steatolytica, Hanseniaspora uvarum, Saccharomycopsis vini, and Metschnikowia pulcherrima, which are not necessarily the dominant species when the disease appears (11 
RESULTS
Frequency and density of different species in diseased and healthy grapes. The relative complexity and variability of the yeast population occurring on rotten grapes have made it difficult to establish the existence of a close relationship between species and disease manifestation. To evaluate whether the yeast community associated with rotten grapes presents a homogeneous structure, even as the habitat characteristics microenvironment and characteristics of the host plant-vary, various cultivars of table and wine grapes from different localities and different years were considered. The cultivars, in fact, were seen to have an important role in disease incidence, independent of the geographic zone.
Some cultivars such as Rossiola, Uva d'oro, Perlette, and Delight presented an elevated incidence of the disease (up to 80% of attacked plants observed in 1981, 1982, 1984, and 1985) ; others, such as Fiesta and Sultana moscato, not considered in this study are only rarely attacked. In Table 1 the mean density and frequency of each species in rotten and healthy grapes are compared.
The samples of healthy and diseased grapes of the same cultivar collected from the same field and, where possible, from the same plant were analyzed on the same date. The frequency of the different species was calculated from the number of samples reported in the crataegensis, and Candida steatolytica. These are, with the possible role played by different injuries, especially those exception of Saccharomycopsis spp. and Candida krusei, deriving from a previous attack ofBotrytis cinerea and those considered normal resident species of the vineyard (5, 6) .
caused by insects. The lipolytic, proteolytic, and pectolytic Zygosaccharomyces spp. presented a high density, but were activities of the strains isolated on the rotten and healthy present in only one cultivar.
grapes were determined. The most frequent and abundant species on the healthy
The distance between the two communities of the rotten grapes were Aureobasidium pullulans and Rhodotorula spp., and healthy grapes, determined as indicated in Materials and which were always absent in the rotten grapes.
Methods, was 0.41, 0.22, and 0.32 for lipolytic, proteolytic, The distance (D) between communities of the healthy and and pectolytic activities, respectively. It is evident that the rotten grapes, calculated on the basis of the frequency of the lipolytic yeasts were more frequent in the rotten samples various species in the two groups of samples (last column in than in the healthy ones (Table 2 ). This activity was in fact Table 1 ), was 0.17. particularly linked to S. vini and S. crataegensis; the perThe distances between the 10 pairs of cultivars were centage of proteolytic and pectolytic strains was higher calculated separately for healthy and rotten grapes. The among the healthy fruits. These activities were particularly community actively growing on the rotten samples was only linked to A. pullulans, frequent in the healthy grapes. slightly more homogeneous than that associated with the GLC determinations. An interpretation based exclusively healthy ones; in fact, the average distance was 0.40 and 0.34 on the frequency of the different species does not take into for healthy and diseased grapes, respectively. account the lack of homogeneity in terms of cell density of The examination of species frequency has shown certain the two series of samples: the healthy grapes were colonized differences between diseased and healthy samples, but the by epiphytic yeasts, whose density was on the order of 104 mere presence of the species does not provide an explanacells per g; an actively growing population of about 107 cells tion of their role. per g was present in the rotten tissues. In the latter samples It was thought important to consider the possible direct it was difficult to evaluate on the basis of pure presence the contribution of the yeasts to penetration of the berry tissues role of the single species. Occurrence, even of a single by a special enzymatic system. This does not exclude the species alone, does not necessarily imply that this species is In Table 3 In some cultivars, such as Rossiola and Delight, the manifestation of the disease was associated with an amount of volatile compounds (total area) in the HS which on average was, at the same infection degree, three times that of samples of Fiesta, Montuni, and Perlette. Generally speaking, however, the GLC pattern can be considered qualitatively homogeneous and independent of the cultivar.
Thus, it might be ascertained whether the yeast species isolated were able to produce a GLC pattern quantitatively and qualitatively compatible with that of infected grapes. Therefore the level of the individual volatile compound and the total area of the volatile compounds in equilibrium in the HS of standard cultures of 46 species frequently or sporadically isolated on rotten grapes were determined. The total areas, corresponding to all the volatile compounds in equilibrium in the HS of liquid medium, are not quantitatively on September 20, 2017 by guest http://aem.asm.org/ Downloaded from comparable to those of natural samples. However, it was possible to select five species able to produce a GLC pattern qualitatively similar to that of natural samples.
In particular, the yeast species showing a ratio between the two most important metabolites, ethanol and ethyl acetate, closest to that of infected samples (ranging from 1.42 to 13.7) were H. uvarum, K. apiculata, M. pulcherrima, Pichia membranaefaciens, and C. krusei. Hansenula anomala presented a content of ethyl acetate that was too high, 30 to 40% of the total volatile compounds, and was only sporadically isolated in the field. Isolates belonging to these species, both alone and in pairs, were thus inoculated into sterilized grapes contained in sealed vials. Other strains belonging to the species Issatchenkia occidentalis and S. crataegensis, frequent in the rotten grapes, were inoculated as controls.
K. apiculata AV33 and C. krusei 12181 alone and some combinations-M. pulcherrima 721B plus S. crataegensis AR 43 and Issatchenkia sp. strain AR 41 plus S. crataegensis-developed inside the grapes after 4 days, giving rise in only a few cases to the ethyl acetate odor characteristic of the disease, even though the symptoms were not exactly the same as in vivo.
The results of the GLC analyses of the volatiles in equilibrium in the HSs in the vials containing the infected berries are reported in Table 4 . This table also shows the areas of the single peaks produced from Issatchenkia occidentalis, M. pulcherrima, and S. crataegensis inoculated alone; they grew in the grapes, as indicated by the volatile total area which ranged from 2,000 to 9,000, but did not give rise to the symptoms of sour rot. It is interesting that S. crataegensis plus M. pulcherrima and S. crataegensis plus I. occidentalis inoculated together reproduced the phenomena and chemical symptoms of the disease in 5.6 and 6.8% of cases, respectively.
M. pulcherrima and K. apiculata, when inoculated together, showed the typical peak of the disease but with a very low total volatile area.
These results seem to substantiate the hypothesis of the different roles of the various species and in particular the roles of a species such as S. crataegensis, which does not produce the typical GLC pattern but increases the probability of success of the others except when inoculated with K. apiculata. A comparison appears in Ethyl acetate can be considered a disease indicator, as may its precursor acetic acid, ranging in the grapes from 0.3 to 12.5 mg/ml (7) . Nevertheless the mechanisms which determine such an elevated production are not altogether clear. In fact the isolates belonging to the species C. krusei, H. uvarum, and P. membranaefaciens were seen to produce this metabolite in lower quantities in liquid medium than when inoculated into detached and sterilized grapes. In addition, it was not possible to create a combination of chemicophysical conditions which were able to induce in the strains of these species a production of acetic acid as high as that found in the field samples (11) . Moreover, disease isolates belonging to the species C. krusei, P. membranaefaciens, and M. pulcherrima, which are not considered ethyl acetate producers, give rise, in the same conditions, to a much greater quantity of this ester than do the collection strains of the same species. This behavior, which is stable after 2 years of isolation, may be attributed to the genetic variability within the species. Furthermore, as regards the induction of such a high synthesis of acetic acid and ethyl acetate in vivo in these yeasts, it may be hypothesized that the anaerobic conditions inside the grapes-or in any case the redox potential or its variations-may determine situations similar to those that induce Dekkera and Brettanomyces strains to increase the production of acetic acid and ethyl acetate (4, 14) .
Even if the general conditions which facilitate the appearance of the disease in natural conditions have been determined, it is not yet clear what triggers the explosive yeast development, nor is it clear why the disease has only recently been reported. Moreover, it may not be ignored that the vineyard environments have been treated for many years with pesticides belonging to different fungicide families and having a wide spectrum. A study of the action in vitro on 80 strains belonging to different species of several antifungal products used over the last 30 years has indicated that the species S. vini and S. crataegenesis, C. krusei, and M. pulcherrima are inhibited by the antifungal agents that were used up until the 1970s, but they are not inhibited by the
